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I SECTION I - ABSTRACT

U Delivery of Vie third group of "state-of-the-art" devices was made

during the period covered by this report. The accumulative total

of these shipments is 225 units.I
The primary considerations of this report are the design analysis

Iof the present DPT 685 devices, and an alternate design oriented

toward alleviating power dissipation problems, as related to

second breakdown phenomena, and toward frequency performance.I
The balance of the report is concerned with the N type diffusion

SI Iprovement, the introduction of the 11/16 Coldweld Copper-Ceramic

[Package, and the electrical performance of the existing DPT 685

supplemented by a series of curves.[
[
[
I
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I
I
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I

I SECTION II - PURPOSE

I The terms of the contract require the contractor to establish a limited

production facility using prototype equipment capable of producing parts

directed toward a rate of 200 transistors, that meet the applicable

specifications, per eight hour shift. During the contract period, the

contractor shall deliver a total of 2,475 transistors, of which 375

I are to be engineering samples, 100 are to be pre-production samples,

and 2,000 are to be pilot production devices. The 2,000 transistors

produced during the pilot line run shall meet the applicable technical

I specifications. The specifications include performance as an amplifier -

the transistor must be capable of 25 watts of power output at 100

megacycles with 10 db of power gain - and as an oscillator - the

transistor must deliver 25 watts at a frequency of 100 megacycles. In

addition, the package must be such that the transistor is electrically

I isolated from the case.

I The prototype equipment required for the establishment of the pilot

production run will be developed and supplied at the expense of the

contractor.

Lpun completion of the pilot production run, a Step II Study will be

l made to determine the requirements of a manufacturing facility capable

of producing 50,000 units per month, meeting the applicabla technical

specifications and based on one eight hour shift per day. The

necessary plans and schedules required to establish the production

capability, based upon equipmnt capacity and pilt production yields,

smhal be incorporated in the Step II Study.

-2-



SECTION III - TECHNICAL DISCUSSION

Chapter 1

I Introduction

I The following two chapters in this section contain the essence of this

I report. A thorough review of the processing changeq, progress, and

problems encountered during the period of interest is made. The

Electrical Characterization carried out on the DPT 685 during the

period of interest is reviewed and two points made clar:I
1. The device is cptimized, performance wise, about its bias

I level (80 volts, 600 ma), and

I 2. The required power dissipation level exceeds the present day

I second breakdown locus.

j It is for the above reasons that the design work in Chapter 2, Paragraph

2, was done. There it is shown that in order to reduce the thermal

1 resistance to an adequate level, it is necessary to increase by some 50%

the emitter stripe length. Using this as a starting point, the required

device design for the bias level (70 volts at a suggested 60 watts) is

I derived. It is shown that the design is adequate insofar as frequency

performance is concerned. The problem involved is a high voltage (70

I volts) and possible attendant thermal run-away problems:

1. The second breakdown problem is associated with the amount of

energy stored in, and dissipated by, a transistor. The higher

--



1 the operating voltage level, the greater the problem with second

i breakdown.

2. A change from 80 volts - the present level of bias - to 70 volts

is minor, but a possible change to 25 volts would involve a

substantial modification of the processing sequence. On the

other hand, studies of potential Military use show that the

25 volt capability is preferable due to the consequent freedom

I from voltage converters in field equipment.

I
I
I
I

I
I
I
l

I
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II
I Chapter 2

Device and Process &LgineeringI
2.1 Introduction

A comparison of two possible designs for the 75 Watt-PEN tran-

I sistor has been made. Calculations show that the current

device, produced under Contract No. DA 36-039 SC-86733, is

marginal as designed. A series of devices which would perform

as desired are derived in Paragraph 1 . In particular, two

devices are explored. A transistor biased at 70 volts and 715 ma

is shown to be acceptable, but susceptible to second breakdown

failures. The other device is the current DPT 685 transistor.I
Substantial progress has been made in diffusion. The principal

improvement for the quarter was the replacement of P205 as a

I source for n-type dopant, by POCi3 on all n-type diffusions.

A new collector-contact diffusion, also featuring POC1 3 , was

I designed and put into operation.

It The package processing section reviews the program under progress

and gives drawings detailing the new 11/16 Coldweld Copper-Ceramic

Package.

5!
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I
I 2.2 Device Design

Over a period of seven years, Pacific Semiconductors, Inc., has

evolved a relatively simple first order design theory which com-

bines the theoretical knowledge of the designer with a backlog of

empirical information which is also readily available within the

I company.

I In any design, one finds a set of often conflicting requirements

which serve to limit the degree of freedom available to the

I designer. In particular, the requirements of high power and high

frequency are conflicting. High power historically demands a

large area to dissipate the resultant heat, while high frequency

I demands a small area with its resultant low capacitance. The

designs to foUow illustrate these problems and do so in what is

I hoped is sufficient detail to enable the reader to determine for

himself the difficulties to be encountered in making azy given

alteration in device parameter.

I
The results of the design work presented in this paragraph are

given in the following two tables. Table 2.2.1 shows the physical

designs and provides evidence that the designs are adequate from a

frequency viewpoint. Table 2.2.2 shows some of the pertinent

electrical characteristics which a device would have under the

designs in Table 2.2.1. The tvo designs presented are:

i
1. The current design, optimized at a bias level of 600 mA and

80 volts, and which is known to be inadequate for reasons of

I thermal dissipation.

1 -6-
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2. A design optimized at Y15 mA and 70 volts, which is called

out in SCS-129.I
The reader is referenced to the bulk of this paragraph for a more

detailed insight into the design theory used and to Table 2.2.3

3 at the end of this paragraph for clarification of the symbols

used.I

I

I

z

I
I
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I TABLE 2.2.1

i Design Comparison

Current Design 70 Volt Design
of DPT 685 for Transistor

Paramter Units "IVI 11Vof

: A. Geometry

iBase stripe/emitter stripe ratio2  1 .6

Emitter stripe width, s 9 90 90

I Emitter geometry1  P 20t1-50i-20 1-54-Ai

Base geometry9 20vi-50ti-20i

Stripe length, L cm 1.0 1.56

Eitter are,., A. c4 90 140.4

Collector area, A cm4 270 309

I
B. Vertical Dimensions

Em hitter depth, de 1.8 1.8

Base depth, db 2.6 2.6

Base width, Wb 0.8 0.8

Collector width, Wc  22 19

Dice width, WD 1

C. Collector Region

Resistivity, ohm-cm 13 .+ 2 U+ 1

I n-oncentration, Nc /cm3  6 X 1014 7 X 1014

1. Silicon-metal-silicon.

2. The ratio of the width of 1/2 of the difference between the widths of the
emitter-base and collector-base Junctions to that of the emitter-base

Junction.

3.



I
I TABLE 2.2.1 (Wntinued)

Design Comparison

Current Design 70 Volt Design
of DPT 685 for Transistor

Parameter Units "IV" tV It

C. Collector Region (Continued)

Depletion width, w (V)I 2at v v (bias) 1 3.3 11.5

at V - V (breakdown)2  1 19.4 16.8

Capacitance per area, Cc/Ac

at V - V (bias) 2  pfd/ .08 .093

I Capacitance, Cc

at V - V (bias)2  pfd 21.6 28.7

Current density

amps/cm2  577 62

J mza amps/cm2  167 107

J (operating) amps/cm2  67 50.9

D. Base Cutoff Frequency

IParasitic Resistance r'e ohms .026s/L .0M s/L

r ohm 2.34 1.27

Frequency fb cps 3.62 X 1o9  4.37 X 1 9

I

i 1 2. Refer to Table 2.2.2

3. Jmx - I mxWAU /Ae

4. Hereafter, a in g, L in cm



TABIi 2.2.1 (Continued)

Design Comparison

Current Design 70 Volt Design

of DPT 685 for Transistor

parameter Units "V" "VI"

E. Buitter Cutoff Frequency

Mitter Diffusion
Resistance re .051 .O1

Capacitance per area CTe/Ae pfd/cE.L 26.8 26.8

pfd 2412 762
Capacitance per area CTe pfd 2412 9

f cps 1.29 X 109 1.06 X 109
e

F. Collector Cutoff Frequency
Collector Parasitic

Resistance r ohms 11/sL 82-5/sL
I

r ohms 1.26 .586

mitter Parasitic ohms i. 2/aL 1.42/sL
Resistance, r e

, ohms .0158 .0101

f cpS 5.56 X 109  8.7 X 109

G. Alpha Cutoff Frequency a 6.3 x1o 6.51 x 10

f. cp 6.1 , X 10 6,5 x 10

6 6
H.fT cps 384 x10 384X 10

I. W4guv of Merit G/r ops2 35 X 016 42.2 X10 1



I TABLE 2.2.1 (Continued)

I Design Comparison

Current Design 70 Volt Design
of DPT 685 for Transistor

Parameter Uits "V"1  "Vi"

I J. Power Gain G - 35 42.2

I db 15.4 16.2

i Less 3 db for large
signal operation db 12.4 13.2

I
I

I

I



II
I TABLE 2.2.2

I Pruoable Electrical Characteristics

o80 Volt-6Ocma 70 Volt-715ma
Design Design

Parameter Units "V" "VI"

U A. Bias Level

Collector Current ma 600 715

Collector Voltage volts 80 70

[
B. DC Conditions

BVCB0 (I - 5ma) volts 170 150

BVC 5 (I c - 5ma) volts 170 150

BVo (IE - 5 ma) volts 5 5

Maxiuum Power Dissipation watts 251 752

(IC, VCE at bias level)"" Ic -5C
I a 25%0

.. Maximum Current amperes 1.5 1.5

C. Frequency Performance

Power Gain db >10 >10

Ic, VCE at bias
C CE

Pin " 2.5 watts

f - l0M4C

TL < C 5°C

1. Actual.

2. Specified by SCS-129.



I TABLE 2.2.2 (Continued)

I Probable Electrical Caracteristics

I80 volt-6ootna 70 Vl-1m
Design DesinIParameter Units 1VII11 1i

D. Other

1Capacitance pfd <25 <3



I Generalized Line Structure

In Figure 2.2.2 is shown the general plan and cross section view

of a generalized transistor.I
The analysis of a transistor operating at high frequency indicates

J that the performance is limited by the combination of various

resistance-capacitance time constants and the delay time required

for carriers to move from emitter to collector. For a given

T thickness, the carrier transit time is invarient with width and

length of the transistor. The width of the active region is

responsible for determining the resistance-capacitance product,

I .. i while it is independent of the thickness md nearly so of the

-*~length. In fact, it is so nearly independent of length that we

ignore this dependence in our first order theory. Therefore, to

-I a very close approximation the transistor can be specified, as to

frequency, by considering only the width and thickness of the

active region.

The power requirements of a transistor dictate the length re-

quired. For a given length, a given current can be made to pass

through the transistor and a given amount of power dissipated.

It is the power dissipation problem which is primarily responsible

* -.. for the redesign of the 25W-OOMC transistor (DPT 685) to qualify

it for the rigorous power requirements of Contract NO. DA 36-039

Sc-86733. Therefore, the required power rating specifies the

minimum length of the transistor.

- 8-



I us, "width" and "thickness" are used to satisfy the frequency

requirement and "length" is used to meet power demands.

In Figure 2.2.1 we have an equivalent circuit for use with these

transistors. Considering the transistor to operate as an

3 amplifier with a lossless feedback, 3K, to cancel the internal

ifeedback, one finds as below:

a. G f 2  - b ft,

b. ft 1  - fa "I + fe "I + fc I1

c. fb - 2wrb CC

Sfe- = 2x re CTe

. f - 2 Cc (re + r' +r)

f. fa - 1.2 'o (I + 1.2 IDn 1 w )-

'tWbB VT

11
~1

1

1. Zhe reader is referenced to the and of this paragraph
I for a definition of term.
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II
I Approach

This theory will be used in the following sections to derive a

I design for the 75 watt-PEM transistor. In point of fact, two

transistors will be designed:

1. The design of the current device (DPT 685) will be derived

in detail and it will be shown that this design is not

3 adequate to the task assigned it.

I 2. A seventy (70) volt operating-bias device will be designed

which performs with the desired power output at the

desired frequency.

I These two designs can be compared and contrasted with one-

another to further illuminate the problems encountered in such

a design.

I
Thermal Design

I One of the basic problems inherent in the original design of the

DPT 685 was the thermal resistance problem. It is well to attack

this problem first.

The DPT 685 has, at present, a thermal resistance (measured at

four watts dissipation with a case temperature of 25°C) of:

1(25C) " . 0 C/watt

From manufacturers data1 the thermal resistance of beryllia oxide

1. National Beryllia Corporation, Haskell, New Jersey

LI -10-



II
at 200°C is one and one-half times that at 25°C. This means that:

2. e C(200°C) = 1.5 e9C(250C)

= _ 3.45c/watt

Provided that we assume G vs T curve for silicon similar to that

for beryllium oxide.!
The required maximum power dissipation requirement for the tran-

I sistor under SCS-129 of 12 February 1962 is:

I P- Pd = 75 watts (with a case temperature of 25 C)

Using equations Number 2 and 3 we obtain for the junction temperature:

1 4. Tj = 25 + 75 (3.45) = 2850C

This value is too high for comfort. When one looks at curves of

resistivity versus temperatures, that point at which resistivity

0
drops radically appears to be in the neighborhood of 500 C depending

1 on the exact resistivity used. The lower this resistivity, the

I higher the trigger temperature. The approach here will be to

restrict the temperature of the junction while using the minimum

value of resistivity. The 70 volt design best meets this requirement.

As an absolute minimum, the transistor must be capable of dissipating

50 watts which can occur in the no-drive operating condition.

1. Pearson and Dardeen, "Physics Review", 75, P. 865 -883, 1949



By taking a maximum Junction temperature of 200°C and calculating

for

5. q~' -200 -25

- 2.5 0C/vatt at 2060C

Therefore:

1 6. eR . 1.67°C/vatt at 25°c

-or conservative design, and to assure a high yield process,

ive set 0 RC to be:

7. RJC - 1.5 0C/vatt at 250C

It is possible to compute the approximate thermal resistance of

a transistor knowing the properties of the materials used In its

3 construction (silicon, beryllium oxide, molybdenum, etc.) and the

critical regions vhere heat is generated in the device (the base-

i collector Junction under the mitter). Possible, but not very

practical. The properties of the ten-to-fifteen interfaces in the

heat path betveen Junction and case are cauutationally uncertain

i quantities and the variation fro, device to device is too great.

Hovever, oppirical expressions can be generated and, at PSI, a

value for such an emprically derived Junction-case theral

resistance has been generated. This value has been checked on

both the 5V-70KC (Contract No. DA 36-o,9 sc-8596O) and the 25W-loCmc

I (Contract no. DA 36-039 SC-871I 2) transistors. These devices both

wVcxW beryllium oxide isolating tabs and are similar In design

I to the 75 watt transistor. The relation is:

I -12-



28 1R 23.0 (s in ,L in cm, e in 0C/att)

I Using equations NUmber 8 and 7, we arrive at:

1 9. sL - 140 cmi

1 The value of s is determined from the frequency design and this

leaves us with a minimum value for L, the equivalent stripe

I length of:

10. L - 140 cm

I Collector Region Design

The collector region design is dictated by a number of factors.

It is usually easier to start the analysis with a look at the

3 base-collector breakdown and a determination of the miniMum

resistivity needed to support this. This is to be followed

with an analysis of the current carrying ceapabilitr of the

I collector-base space charge capacitance. As stated before, we

shall design the transistor for two separate operating voltages,

I simultaneously.

I A. Collector-Base Breakdown

A.1 The 25W-100MC transistor currently in production. (To

be designated hereafter as the "V".)
I 11. VC (bias level) - 80 volts

I Therefore:

3 12. BV0 - 170 volts

I -13-



I and, from experience:

I 1 C  = 13 + 2 ohm-cm

1 14. N = 6 x lO14/cm3

I A.2 The 70 volt bias level transistor. (To be designated

hereafter as the VI".)

15. VCE(bias level) = 70 volts

therefore:

16. BVc 0 = 150 volts

I and, from experience:

I 17. PC  = 1 + 1 ohm-cm

1 18. Nc = 7 X10 14 /cm3

I B. Collector-Base Space Charge Width

The collector-base junction is, to a good approximation, quite

abrupt. As a result, the collector-base space charge region

* extends mostly into the collector region. By taking an abrupt

junction profile, and using Poisson's equation, we errive at:

19. wc - (26 V /q NC)1/2

'Where the terms are defined in the appendix, at the end of

I this section:

I B.1 The "V" version (80 volts bias level)

1 - 14-



20. a. wc (80) = 13.3P

b. wc (170) - 19.4 pI
B.2 The "V " version (70 volts bias level)

21. a. wC (70) = 11.5

I b. wc (150) - 16.8

I C. Using equations Number 24 through 26, we can determine the

I minimum width for the high-resistivity portion of the

collector region based on supporting the required breakdown

I voltage and on knowledge of processing tolerances available

to the designer.

. C.a. For the "V" version:

The process being used currently results in a

*1 collector region width, WC, of:

1 22. WC = 22 +2.5

I C.2 For good design, we put for the "Vl" modification:

SI 23. WC = 19 + 2.0

I l D. Space Charge Region Current Capacity

Fbllowing the work of F'der, we can estimate the maximum amount

of current which can be put through the base-collector space

* Icharge region without adversely affecting device performance.

The problem is as follows.

* - 15-



l There is a certain basic amount of fixed charge in the base-

l collector space charge region.

24. Qfixed = Q Nc Wc AC

l There is also a quantity of charge in transit across this

region by means of the drift mechanism.

I Jv A
l j wC AC

25. Qmobile Vt

If the mobile charge begins to approximate the fixed charge

in magnitude, several mechanisms begin to operate. In

SI general:

A. The space charge region attempts to change dimension to

continue supporting the voltage applied across it. The

I result is a decrease in base-carrier transit time.

I B. Electrons in the base region see a negative charge in

the collector-base space charge region and so are

repelled, forcing a large surge of base current.

The results are:

a. A fall off in gain.

b. An increase in r'
* C

*: c. A rush of current out the base lead, which is

frequency fatal to the device.

II -l6



I The designer can combat this by utilizing either of two

defenses, lie can increase the overall active area and 6o

decrease the current density, or he can lower the resistivity

I and increase the fixed charge present. A useful figure of

merit in these cases is J equivalent J(=). This

parameter is found by setting the mobile and fixed charges

equal and solving for J.

26. J(=) = qN Vt

The values of J, most easily determinable for any transistor,

are those of its operating current, J(op), and maximum current.

J(max). These quantities, together with J(=), are reproduced

below for the assumption of uniform flow across the emitter-

base junction:

I D.1 For the "V" version:

27. a. J(=) = 577 amps/cm2

b. J(op) = 6000/sL amps (s in ., L in cm)

c. J(max) = 15000/sL amps (s in i, L in cm)

D.2 For the "V " version:

28. a. , = 672 amps/cm
2

tiib. J(op) - 7150/sL amps (s in p, L in cm)

c. J(max) a 15000/sL amps (s in I, L in cm)

1
I - 17-.



II
E. Collector-Base Capacitance

The next item of business is the collector-base capabitance.

This calculation is not so straight forward as it might seem

3 at first glance. The desired signal does not see the collector

capacitance in its entirety. That portion of the collector-

3 base space charge region which does see the signal lies almost

directly beneath the emitter. The collector capacitance is

I then made up of two components; one of which is in the signal

path and another which is parallel and thqoretically tunable.

However, it appears that good practice dictates that we

I consider the entire capacitance as the effective capacitor.

I For an abrupt Junction, the capacitance per unit area is:

1 29. C = (q 6 Nc/2 V) 1/2

1 30. Cc  = Full collector capacitance

- Ac (q E Nc/2 V)1/2

The capacitance desired is that at the operating bias.

E.1 Capacity for "V' version:

31. Cc  - Ac (.08 pfds/cm )

E.2 Capacity for "VI" version:

32. C - Ac 03 pfd/cm

3 - 18-



3 Frequency Design

It is now possible to proceed with the design of the DPT 685 as a

.1 high frequency transistor. We need one additional piece of infor-

mation before we can gain real insight into the problem, however.

Our knowledge about the physical device must include information

about the emitter and base regions to allow a complete calculation.

A single set of parameters for these regions will be used for the

versions of the DPT 685 under consideration:

33. Ditter depth, De, 1.8 IL ) Assumed for good engineering

34. Base depth, D, 2.6 practice.

leading to:

35. Base width, b, .8
OWe

A. Base Cutoff Frequency

--- This parameter results from the charging process of charging

the base-collector capacitor through the base parasitic

resistance. One can write for this parameter, after the

introduction:

36. fb- - 2vr. C

. The value to use for CC is that value of collector capacitance

which is actually seen by the signal, which corresponds to

that under the base region. This quantity was derived in

equations 31 and 32 for the two versions under consideration.

- 19 -



I
ITo derive the expression for base parameter resistance,

reference is made to Figure 2.2.2. From this it appears

that we can write for r:

37. r 1/2 (. % + 1 (1)

L L

I From past experience, we have found that one can put for

X1 XandXi :

38. = s/3I AC-.

XB = - 6-

We have for RSB and %B:

39. -B = 100 f/O

SB = 1260 11/0

To compute Ac we must make some assumptions. Normally, the

SI5 base region on either side of the emitter is of the same width

as the emitter. However, this need not be so. In fact, since

!, the emitter must carry the greatest current, it becomes useful

I to have the emitter larger than either one of the two base

regions. We have chosen the following configurations for the

two versions under consideration:

3 a. For the "V" version:

Emitter width s

Base width s (on one side)

I Collector width 3s

1. This expression is the peAr-lel sum of two resistances - each composed
of two resistors in series.

-20-



II
I b. For the "V version:

Emitter width s

I Base width .6s (on one side)

Collector width 2.2sI
I Therefore, we have for rb:

For the "V" version:

40. a. r' = .0226 s/L (s in L, in a)
b

For the "V 1 version:

40. b. r1 = .022 s/L (s inp, L in cm)

I From equations Number 31, 32, 36 and 40 we can now compute

the base cutoff frequency:

41. b- _ 2 v r. C1

or, for the "V" version:I
42. a. fb1  = 341.4 X 1 6 / 2

b. fb = 2.93 X 1O13/s2 cps

I and, for the "VI" version:

-1 -14 2i 43. a. fb - 2.83 X lo' s

I b. fb " 3.53 X l13/82 cps
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B. Emitter Cutoff Frequency

This parameter in the high frequency analysis comes to pass as

a result of the process involving the charging of the emitter-

j base capacitor through the emitter diffusion resistance.

The expression for this quantity is:

f (2 w r c() l

. e e Te

The emitter resistance is determined from the well known

-. expression:

45. re = KT/q1

The barrier capacitance of the base emitter Junction is

difficult to compute. The emitter-base Junction is biased

in the forward direction during operation. This results in

a very small effective voltage across the Junction. Since the

Junction is formed by the superposition of an n-type on a p-

type diffusion, and, as a result of the low bias level on the

junction, the emitter barrier capacitance has the form of a

graded Junction capacitance. NUrthermore, one can pick for

the actual potential across the Junction, *-VBE a 0.2 volts,

and be assured of the accuracy of solution since the variation

in barrier capacitance as *-VBE across the zero line is very

snall. The emitter-base capacitance is therefore governed by

the expression:

22



46. CTe T 2 qd/3E (*IVBE)] /3sL

I where: *-VRBE - 0.2 volts.

I The slope d is the same for both designs since we have fixed

the base and emitter diffusions to be almost identical in

both versions.

47. d - 2.58 X 10 1 M 4

I Therefore, bearing in mind that s and L are different for

I each modification, the barrier-capacitance for both designs

is:

4 48. C Te/sL = 26.8 pfd/cmTT

Using equation Number 45, we find for the emitter resistance:

For the 80 volt design:

49. a. T = 3550K

50. a. re = .051 ohms

I Fbr the T0 volt, "Vl", design:
49. b. T - 335°K

50. b. re - o0o ohms

Putting equations Number 44, 48 and 50 together for the "V"

1 l design:
fe"1

51. a. f 8.58Xo10 -  L

b. fe 1 .17 X 10 /sL cpse|



,I

I For the "VI" design:

1 12

i52. a. f e"  - 6.74 x lo1 sL

b. f e 1.48 X 10 /sL cpsI 8

C. Collector Cutoff Frequency

The parameter arises as a result of charging the base-collector

I capacitor by way of the emitter-collector-resistance. Fr this

item one can write:

I 53. f = 2 i (re + re + r) -1

I
The collector-base capacitance is that seen by the radio fre-

I quency signal and hence is the capacitance derived earlier as

equations Number 31 and 32.

1 The emitter diffusion resistance was derived in equation

Number 50.

The parasitic resistances r' and r' remain to be derived here.

S The collector parasitic resistance arises mostly from the high

resistivity, non-depleted collector region. Almost no effect

I is seen from a well designed collector contact. As a result,

one can put:

I 54. r~ c [C c ' evel)]

I
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II
I Using equation Number 54, and putting in values from equations

Number 13, 17, 20 and 21, one can find:I
For the "V" design:

55. r' = 113/sL (s in, L in cm)C

For the "V " design:

56. rc' = 82.5/sL (s in , L in cm)

I where s and L vary for each design.

I Considering the emitter parasitic resistance, one finds a

I considerably more difficult problem. There are essentially

three factors which affect the emitter parasitic resistance:

I
1. The bulk resistance of the emitter silicon, which is

I quite low.

2. The bulk resistance of the lead wires and stripes on the

silicon, which is low but appreciable.

3. The variable resistance resulting from the metallic

interface of the silicon and metallizing.

I The last factor is usually small and of the order of the

metallizing resistance; or so large as to render the device

inoperable. An empirical expression has been derived at

PSI which adequately expresses the emitter parasitic

resistance for a vell constructed transistor:
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57. r; = 1.42/sL (s in p, L in cm)

I Knowing the required parameter, we are now in a position to

I calculate the collector cutoff frequency. Using equations

Number 53, 55, 56, 57, 50, 31 and 32:

I Fbr the "V" design:

58. a. fc " I = 1.510 X 10"12 sL (.051 + 113/sL + 1.42/sL)

l h c"I  1 0 X012 114.4
b. f c: = 1.510 X10 sL ( 1. + .051)

SC. f c "  = approximately 1.73 X 10 - I 0

59. fc = 5.78 X 109 cps

Fbr the "V1 " (70 volt) design:

60. a. f = 1.283 X 10"12 sL (.040 + 82.5/sL + 1.42/sL)

b. fc - I = 1.283 X 10"12 sL (83.9/sL + .040)

c. fc = approximately 1.08 X i0 "

11 61. fc = 9.25 X 1o9

There remains the calculation of signal delay time. Historically,

Ithis parameter limits the performance of a transistor more than

any other. It is a function of the time required for carriers

to drift and diffuse through the base and base-collector space-

3 charge regions. The equation assumes that diffusion is the

only mechanism effective in passing through the base region and

that drift is the prime mechanism in the base-collector region.
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II
One may write for this quantity:

62. f 1.2 D D WC )-II62. ta = -: (1 Cw

WB 2 WB 2 VT

I Considering the base region, we have for the necessary

i quantities:

63. D 18 cm/sec

WB

Therefore, we have for both designs:
I 1.2 D

64 n64. 1.07 X log cps

I 2

There are variations which appear in the collector region

due to the varying widths of the base-collector space

charge region. Using equations Number 20 through 23:

Fbr the 80 volt design at 80 volts:

65. = (v) .696 x 10-9

I VT
For the 70 volt design at 70 volts:

C -9
66. V602 X 10

1 Combining equations Number 62, 64, 65 and 66 one obtains:

i1 Fbr the "V" design"

67. fa = 6.13 X 108 cps
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For the "V design:

68. fa = 6.51 X 108 cps

D. High Frequency Performance

The designer is now in a position to write an expression for

ft and for the power gain bandwidth Gpf

69.= + f  -- + f -69 tl fa e c

70. Gpf2  = fb ft /4

p2

Using equations Number 51, 52, 59, 60, 67 and 68 one obtains:

Fbr the "V" design:

71 i-9 -12 -9
71. f = 1.63 X io + 8.58 X lo1sL + .173 X 10

-1 -9 -12
ft"  = 1.83 X 10 +8.58 X lo-1sL

For the "VI" design:

-1 +614xo-12
72. ft I  1.5 X 10 9 + 6.71k X 1 sL + .108 X 10-

9

f t 1 = 1.64 X 10 9 + 6.74 X 1O- 12 sL
t

The value for power gain-frequency can now be calculated from

equations Number 42 and 43, and 70 through 72:

For the "V" design:

73. a. Gf
2  =7.3 

X 1012

S2 (1.83 X 10.9 + 8.58 X 1O' 2 s)
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Fbr the "V1" design:

74 .G f2  = 8.8 x 1012
P. a. S2 (1.64 X lO"9 + 6.74 X 1012sL)

I The designer now takes the results of his thermal analysis,

the device specifications, equations Number 73 a. or 74 a.,

and his knowledge of fabrication techniques, and choses values

I for s and L.

I When these factors are all weighed one arrives at:

I a. For the 80 volt design, which is already in existence,

the following values were chosen:

1. s = 90 . = base and emitter width

1 2. L = 1cm

i This yields for figure of merit:

73. b. G/2  = 35.0 X 1016

or, at a frequency of f 100 X 10 , one hundred megacycles.

5 75. Gp 35.0

- 15.4 db

Less 3 db for large signal operation:I
76. Gp - 12.4 db

I Since the present DPT 685 design is typically 10 db measured

in the package and 11.0 db in the uncapped condition, we have:

I
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i Loss due to leads and header pins:

1 77. -G = 1.4 db

I Loss due to cap:

i 78. -G2 = 1.0 db

b. For the 70 volt design, the designer arrives at:

1. s = 90 ± = emitter stripe width

I 2. .6s = base stripe width

3. L = 1.56 cm

I The above combination leads to a thermal resistance of:

1 79. eRJC(250 C) = 1.50 C/watt (see eauation Numer 8)

This yields for figure of merit:

74. b. Gf 2  = 42.2 X 1016

or, at a frequency of one hundred megacycles:

80. G = 42.2

I = 16.2 db

I less 3 db for large signal operation:

1 81. G - 13.2 db
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General Remarks

The two designs which have been derived herein are summarized in

Table 2.2.1 at the beginning of this Paragraph. The designs are

adequate for the power and frequency, provided improved packaging

can be found. The areas in which problems exist are those of

thermal-resistance and second breakdown.r'
Insofar as thermal-resistance is concerned, the general increase

in device length should assure trouble-free operation for the 70

volt design. It appears that the 80 volt transistor design upon

which the thermal design equations are based is probably operating]ver perhaps only 75-90% of the emitter stripe. If this condition

is rectified by better lead placement, as in the 70 volt design,

then an improvement in thermal-resistance should insure more than

I sufficient heat dissipation to assure no problems with the design.

The second breakdown problem appears to be the most formidable.

That this is a basic physical phenomenon, thf-re can be no doubt.

That the problem is accentuated by use of imperfect techniques

3 and materials, there is also no doubt. This leads to an examin-

ation of the various approaches one can take to improve device

performance in this aspect:

A. The higher the bias voltage in a transistor, the less the total

power dissipation which that transistor can support. Thus, the

lower the operatine level, the more power can be pulsed through

I the device.
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I B. The lower the resistivity, the more uniform the silicon becomes.

I Even though the destr-ution of a device is finally accomplished

through the negative temperature coefficient of silicon, a

"I defect must exist to raise the temperature of a local spot to

the required trigger temperature (250 - 350C, depending on

I resistivity).

C. An increase in the level of technology would go a long way in

the direction of improving tolerance to high power dissipations.

Indeed, it is in this direction that the designer must go if

1 significant improvements are to be made.

I The conclusions then are:

1 1. The 80 volt bias level design is not capable of meeting the

required performance level.

2. The 70 volt design involves improvements in technology

sufficient to raise the second breakdown locus beyond its

1 present level (see section on Electrical Testing).

3. A 25 volt design would involve a radical change in bias

level which would result in essentially a brand-new

transistor with challenging photoresist technology. The

I choice between the two electives is not an easy one to

make, although the lower voltage is preferable from an

I end-use viewpoint. Not only is there a lower voltage
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I requirement for the equipment in the field making for

I lighter weight equipment, but there is a substantial

reduction in vulnerability to second breakdown. Therefore,

I a significant portion of the work for the next quarter

will be the analysis of such a low vultage device.

II

I
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1

1
I

I-. -



I

I
TABLE 2.2.3

Explanation of Symbols Used - In Alphabetical Order

A Area of collector.

Ae Area of emitter.

C c(V) Collector capacitance at a voltage V.

CTe (V) Emitter barrier capacitance.

d Slope of impurity atom concentration
at base-emitter junction.

Db Base diffusion depth.

D Emitter diffusion depth.e1 Dn  Diffusion constant for electrons in

base region.

6 Permativity of silicon.

f Frequency in cps.

a Alpha cutoff frequency.

fc Collector cutoff frequency.

I f Emitter cutoff frequency.
e

f (f -1i+f -1 + f -1)-l
t a e c

Gp Power gain at a frequency f.

L Emitter stripe length.

N Impurity atom concentration on base
region.

Pd Power dissipation.

q Absolute value of charge on electron.

Srb' Base parasitic resistance.

r' Collector parasitic resistance.

Sre ]bitter resistance.r e



I1 TABLE 2.2.3 (continued)

°r' Emitter parasitic resistance.

RSB Base sheet resistance.SIS
RB Base sheet resistance under emitter.

PC Resistivity of collector.

n s Emitter stripe width (see Figure 2).

T Temperature in degrees Kelvin.

TJ Junction temperature.

RI 8I(T)  Thermal resistance of a transistor,
Junction-to-case, at T degrees.

VT Scattering limited drift velocity.

WB Base region thickness.

I Collector thickness.

Wc(V) Base-collector space-charge region
thickness.

X Base current path length in base region
not under emitter stripe.

Y I Base current path length under the
Xemitter stripe.

!
7I
!
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2.3 Diffusion Processes

Diffusion operations are now in the final phase of the three phase

program outlined and described in the Third Quarterly Report. The

change of device design has not affected the validity of results

I obtained in phases I and II. The sequence of processing operations

remains unchanged and the technique improvements introduced during

phase II have made a smooth transition into phase III on the new

design. The accumulated experience of the assigned personnel in

Iperforming the stabilized tasks of paIase II results in constant

processing techniques and the ability to quickly ,Ind the causes

of problems and correct them. New furnaces will soon be operative,

which will increase the control over diffusions, the capacity of

the line, and the ease of processing. New photo resist alignmentI
A stations are being installed and improvements are being made on

the to obtain faster and more accurate alignment of the patterns.

[Phase I of the diffusion processes and supporting operations was a

theoretical and practical diffusion set-up. Phase I consisted of

technique improvement and controlled experimentation. Both of these

phases were completed on the "V" paameter, DPT 685 pattern. All

of the conclusions and processes developed during these two phases

[ have made a natural transition into phase III, which is the establish-

mint of a pilot line with well trained operators, the use of the best

techniques acquired from phases I and II, and continued process

3 Jlrovement. The new transistor pattern, based on the V1 design of

paragraph 2.2, has not required any major changes in the process

I3



I procedure. Photo resist advances, such as new ultraviolet light

exposure systems, new alignment stations and Millipore filtering

for photo resist application, are now all a part of the pilot

line processes. Cleaning of wafers for diffusion is done in

cascade ultrasonic systems, capable of measuring water conductivity.

In addition to the POC 5 emitter diffusion, a POC collector

contact diffusion has also been developed and is now replacing
the P205 dopant source.

The personnel assigned to the project have rapidly gained

Iexperience in performing their assigned tasks. These operators

and supervisory personnel have had extensive semiconductor

experience and consequently realize the Importance, in phase III,

of strict adherence to the processes, consisting of the best

techniques developed in phases I an II. As a result, process

variables because of untrained or unexperienced operators are

minimized. This is especially important in photo resist and

wafer cleaning prior to diffusion, where operator technique is

an important part of any process. In addition, problems are

recognized quickly, while they are still small, and the

I operators themselves often suggest the best solutions. The

[ project is being further augmented in critical areas by

the assignment of additional trained personnel and specialists.I
SuLU furnaces, previously used on the pilot line, are beingiI
replaced vith now, larger, long heat sone furnaces. As a

result, there will be Increased capacity through diffusions and

close control over diffusion parameters. ontrol of these
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n parameters is essential because experience with the small, short

heat zone furnaces shows that there is too much variation between

diffusions and among the slices in each cLiffusion to permit the

I transistor being made with good yields. New wafer cleaning

facilities are also being constructed. Sinks and cleaning

3 stations are designed to avoid contamination from one wafer

cleaning process to another. The new photo resist alignment

stations are being equipped with stereo-metallurgical micro-

scopes in order to provide the magnification and field-of-view

necessary for accurate and rapid alignment of the patterns.

The Third Quarterly Report told of the reduction in contamination

Iduring N+ diffusions achieved by using phosphorus oxychloride

rather than phosphorus pentoxide, and the development of a

phosphorus oxychloride emitter diffusion. Dring the last

quarter, a POC 3 collector contact diffusion has been developed

and is now replacing the old P2 05 procedures. The oxychloride

collector contact process is reliable, easily controlled, cleaner,

and run times, gas flows, and other variables are not extremely

critical. Diffusion depths and collector sheet resistances are

consistent from run to run. The furnace capacity through the

two POC33 collector contact diffusions equals the capacity using

previous P2 05 methods. In the oxychloride procedure, a five hour

" collector I diffusion is used for doping the slices. A large

nuber of slices from several collector I diffusions are, then

stacked tightly together in the furnace for a five day collector In
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diffusion. The resulting N+ diffusion depth of .004"., and sheet

I resistances of .10 ohms/square, are identical to results obtained

using P2O5. Plans for future processing call for exclusive use!2 5
of phosphorus oxychloride collector contact diffusion.

The program for the next quarter is for continued work on phase III;

I hich is the establishment of the pilot line using the best

techniques acquired from the first two phases. Dnpasis will be

I on making the pilot line operation a smooth, daily routine, capable

of producing the transistors required by contract. Additional

diffusion experiments are also planned. In particular, it is

desired to optimize the methods for oxidizing silicon so as to

grov oxides more consistent in thickness and color and, at the

same time., obtain the highest possible collector-base reverse

voltage breakdovns. This investigation vill compliment. and

will not interfere vith, the basic objective. As already stated,

this objective is the smooth, orderly operation of a pilot line,

using the best techniques developed n phases I and II.
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2.4 Packaging Processing

Few process changes were instituted during the period of this

report as most of the effort was directed toward adaptation of

-I existing processes for the use of the 11/16 Coldweld-Copper-

Ceramic Package, and for the evaluation of the package itself.

Search for the most versatile and yet production oriented

assembly equipment has culminated, during this quarter, in the

- acquisition and check-out of most of the necessary equipment.

This section follows a general outline which can be given as

follows:

Process Changes

Process Evaluations

I 11/16 Coldweld-Copper-Cermic Package

Assembly Equipment

Process Changes

The use of the Copper-Ceramic Package has permitted improved

techniques in beryllia tab brazing operations. The stud pins

are supported by ceramic, thereby simplifying Jigging and

allowing more accurate location of beryllia tabs. Crystal to

pin lead lengths are thereby shortened, resulting in lower

Iinput inductance.

i
Colvelding techniques, Initially developed on a previous con-

I tract (U.S.A.F. Ap53(600)-4329), soon will enable a highly

reliable hermetic seal to be achieved on the Oopper-Ceramic

P



I
As had been mentioned in the last (Third) Quarterly Report, a

&ore sensitive hermetic leak check vas being evaluated. During

the period of this report, a Radiflow Iak Test was implemented

I to compliment the existing Glycerine Imersion Leak Test, which

is most sensitive to gross leaks. The Radiflow Leak Test

employs a radioactive gas bomb which, with the aid of an Isotope

I Rate Meter (Counter), can detect leaks as lov as lo09 cc/sec.

I Plating of the copper-ceramic final assembly will be accomplished

with gold rather than nickel for increased frequency performance.

SProcess Evaluations
Higher temperature and more reliable contact metallizing methods

and materials have been under investigation and several merit

intensive evaluation.

Methods of mounting wafers for scribing-for-dicing, which will

eliminate the use of waxes, are still being developed.

In order to increase the reliability of the large area devices,

new methods and materials used in dice mounting are being

Ievaluated.

Cleaning and surface preparation methods, applied to mounted

assemblies prior to capping, have been under intensive nvestiga-

tion; however, no superior method has thus far been discovered.
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11/16 Coldweld Copper-Ceramic Package (Figure 2.4.1)

The general outline of this package is the same as the 11/16 nickel-

iron resistance welded package previously, used. The primary advan-

I tages of the copper-ceramic package lies within its use of copper

for stud, stud pin, cap and cap tube material, and the use of

ceramics as an insulation media. The copper-ceramic seal does not

have the high frequency limitations experienced with a glass-nickel-

I iron compression seal. Power losses experienced with the glass-

I nickel-iron seals, as close as could be determined, were in the

5% to 15% range, while losses due to the copper-ceramic seals are

I apparently something less than 1% to 2%.

I lile accurate design of package and coldwelding dies is necessary

i to preclude base deformation in the coldveld operation, a highly

reliable weld can be achieved without danger of weld splatter,

which is an ever present control problem with resistance welding.

A modified version of this package will be employed in the assembly

of the redesigned device. Since the design of the new package is

90% complete, the details will be presented in the next Quarterly

Report.

IAssmbizEqipen
3 ISome of the more notable acquisitions were:

3 A. A KUlicke and Soffa "Auto Probe" has been purchased to be used

in conjunction with a Mlicke and Soffa Automatic Computer Type

0



iF
Test Set, which will provide capabilities of measuring BVCZS,

BV EB and h., at test limits greater than previously available.

B. The latest model thermocompression nailhead ieadbonder has

been purchased for this contract. Among its newest features

are provisions for stitch bonding. With its greater versa-

tility and more rapid bonds, methods, rates and yields

heretofor difficult or Impossible, can be achieved.

C. A large Dennison Press has been ordered for coldwelding

operations.

D. A mounting station, scribing machine and other various

assembly equipment has been procured.

Further purchases of assembly equipoent will be made as the need

requires.
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S~Chapter 3

I Testing

3.1 Introduction

A review of the various electrical tests perfozued during the

processing sequence is made, and the information obtainable

Itherefrom is included in the following paragraph. More im-

portant is a set of curves, together with a verbal discussion

I of each curve, describing in more detail the performance of

this transistor. Curves of hfe versus current, voltage and

Ifrequency are given which show that the present device is

indeed optimized around 600 ma and 80 volts at a bias point.

Included also is another plot of the second breakdown locus.

The locus confirms our findings reported in the Third

Quarterly Report of this contract - DA 36-039 SC-86733 - as

I to the inability of the current device to handle the required

power dissipation.

The use of the new desig4 outlined in Chapter 2, Paragraph 2.2,

is designed to eliminate this problem.

I'
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3.2 Electrical Testing

All units in process are either spot checked or 100 percent tested

for device performance while in wafer form, as dice, and as

transistor assemblies (leadbonded or capped units) in accordance

with the following test processing procedure:I
A. Base Scope on Wafer

Tested after base diffusion and prior to emitter diffusion

to check the V-I characteristics of the collector-to-base

junction.I
B. Emitter Scope on Wafer

After emitter has been diffused, a great deal of useful

Iinformation, concerning control of all prior diffusion
processes, can be generated by examinimg the DC pulsed

[ common emitter current gain (hFE) and V-I characteristics

of both collector-to-base and emitter-to-base Junctions.I
C. metallizing scope

All wafers are spot checked, after metallizing, for the

sam critical parameters as stated above in Step B to make

sure that contact metallizing has not degraded the basic

I characteristics of the device,

ii D. Dice Scope

All pod wafers from Step C will be diced and inspected

for visual rejects. Accepted dice are then screened for

I
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electrical characteristics by employing the computer-driven

sorting machine on basis of DC Beta and junction character-

istics.

E. Leadbond Scope

After the dice are mounted and leadbonded, it is possible

to test the device under conditions approximating the

I desired operating levels. At this stage, the sub-standard

devices which fail to meet the following critical parameters

are rejected:

1. Breakdown characteristicsV2. Leakage at specified voltage

3. Power gain at operating frequency

4. Contact resistance

5. DC Beta at specified bias level

6. Opens and shorts
9.

- F. Final Electrical Test

Final Electrical Test is performed after capping and environ-

mental sequence as per specifications as described in Appendix

At the end of each stage of scope testing, the causes for rejects

are thoroughW investigated.
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Beyond processing the above tests, some of the standard units

are subjected to an extensive series of tests to characterize

this 25W-I014C transistor. Supplementing the technical

information included in the Third Quarterly Report, the

manufacturer has obtained additional data regarding its

electrical characteristics.

j Listed below is a set of typical characterization curves

plotted from the average readings of a large group of units at

Ispecified conditions:

I A. Frequency Dependence of hfe in db (VE, 1C)

Figures 3.2.1, 3.2.2, and 3.2.3 display a set of typical
curves for h as a function of frequency at varying current

fe

and voltage bias levels. All measurements are taken with a

Transfer Function Bridge built by General Radio Corporation.

The negative slope of h fe within the frequency band from 40

to 400 MC (on log scale) changes at the rate of 2 to 5

decibels per octave as the collector current is increased

from 50 to 300 MA at fixed voltage (5, 10 or 20V).

With collector-to-emitter voltage biased at 5 or 10 volts,

h beins to fall off somethere between 300 and 600 MA
fe

collector current. TLis In vy, at the ssm operating

frequency, hfe at I - 600 MA is lo er than that at I C  300

NA (see Flguves 3.2.1 and 3.2.2). At a constant collector
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current of 50 or 100 MA, the effect of frequency on change

of hfe is more pronounced at higher voltage bias levels.

I The approximate values for gain bandwidth product (fT), alpha

cutoff frequency (fe) at the various voltage and current levels

can be estimated or computed from these curves.

B. Second Breakdown Locus

Figure 3.2.4 is a drawing of typical second breakdown locus

for the 75W-PEK device as currently designed and fabricated.

The Iocus do not exhibit the constant power dissipation at the

various bias levels, but displaey the typical shapes for this

type of failure mechanism.

C. Power Gain as a Function of Current and Voltage

Pover gain was measured at the following current aad voltage

levels on 10 units at the same operating frequency of 100 MC

and the same power input of 2.5 watts. as used on standard

units (measured at I- 600 MA, VC - 80V):

VC

V CE IC  Power Gain

M (MAL. Watts db.

1 50 800 16 8

(control) 80 600 2 0

S10 1oo 6 8

A4



This data reveals that the standard bias conditions for the

power gain measurement is close to optimum at 50% collector

efficiency.

D. h fe (In Current Ratio) vs Frequency (On Log Scale) - (Ic, VCE)

The change of hfe in current ratio due to frequency at the

various bias level is plotted on the expanded scale (Figures

3.2.5, 3.2.6 and 3.2.7) to bring out every detail of the

effect of operating frequency and bias level on small signal

common emitter transfer ratio.I
E. hFE as a Function of VCE or IC

Variations of DC pulsed beta over a wide range of current at

I collector-to-emitter voltage from 1 to 20V and 25 to 70V (as

plotted from average readings of two different groups of

units) are shown in Figures 3.2.8 and 3.2.9, respectively.

It appears that hFE increases with collector current at a

slightly faster rate at highe- voltage. The lesser spread-out

of beta 'between IC = 30 and 50 MA, as shown in Figure 3.2.9.

'may not be of any significant value because the equipment

error for hFE measurement may overshadow such a small deviation.

The falloff of beta at approximately 200 MA is only noticeable

I when the voltage is biased at one volt (Figure 3.2.8). At all

other voltage bias levels (up to 70V), some of h values xeepFE

I on increasing even after the current has reached 600 MA. If

'II



this device is checked at voltage in excess of 70V, it will

be driven into the second breakdown region before the

current gain can be measured at some reasonably high current

Level.41
Figure 3.2.10 displays the typical curves for hFE as a function

of collector-to-emitter voltage (VCE) over a current range of

i tc 300 MA. The reader will note that. between 100 and 300

I 1, the effect of current on the change of hFE is more pro-

no ,uced at higher voltage.

8
l
l
l

il

Il

l



IL
7- 

-.

f C- 

-

4 -7i

zt --- loo_

-- i-- --



q 
a

-- 
......

Is

-, 
.... 

t -- - -- -- -

.... 

..t;T, t - -

I - -
_- ... 

, _y....E__

- -r 

--

-
KI_____ 

II--LL- r -" _

---'.... ... -- H-- -

I - I I - .- 0--

-11111..... 
I -t--- -3 ,

_ 

< ----,....--.- 

--

-
_-_ 

....1  -

• 
-

- ~4 
--......- 1,. -. ... .

I- -
" --" 

-
- *' - ...!. ...

I _

jIj - 1  " -- 
i .....-+"

-- I ----
_+_... 

...
_ 

...... ..- -

1 . .. I .. ..... .. ... . ... 
.. I ,

I -
.... "tH j-

hi 
: 

1 j71" ; ,

I i, I ._i

II---4



i 7 
-, 

-

... ..... .. ..A 1 
1.. 

.. 
*....4

---4 .- ... 1if ~ f f M * -I.... i
4 4 - .... .

-1 

i . . ...-:-o - +
A A,124

.. .. i..... ......----

p ; 7 4 qzi

---. 
_ __

4. -_ _-

/ I

./--____ 
_ 

_,

r,- -,,,,,4-....! ±...

i 
. ..... .

-.. : I.. .. . i. .

-__I/ .... -- - - -1 , i

-! - - . - - -- - - -- ._ 1

IQ 
I 

b** L i '. ~O F '.



filmi OW f' p.t

1I+

I I.I
.44

.4t.

lit.

+ L
4 11P i

t-ft



9-hffU1 T URtR if1HM 1 1 11.. . . . .

if f 1  It'i4:4 ii

....... -- . . .. ..,.:!

M il 1. 17,' l -1 i i f 4'1 4t ~ ; 11H Yu ;14 1 1 K2

IT

H44

il H -L A -t

4 1 A li~T--i -

UM I 1A A

, ". ;,'R

. IA+t'4 . ~ 4 t-

IT4 1 LL1-. 1

j3 414HII

t 4 N 414

P:I 4f F ! . . .. . .

+ tt..

M vi f4a fil t i

t _l _ 4 .

HIM ~~I-ki-, +Ij: 1ti I
t-F It j



JIT I ! T11 in
Ir ITi fil,

Ti~~~~~~~~4 IT. 1' 11 1i T iIT;~ l j Hl

Fo L

;-14 +1

II
~ ;1+

- .~ 
T:t-

It +4

I"I

j ~ + t

I tIF

~ WI Tt

I.,



its fi t 77

.~~~~t ..- ...

t1 f~ .7 t{v
.4. f T

T ! t1

I~~ I I ll 4T44 14 14 ' t _4

i'T71

T T

it +t:

'tJ4

t+H 4



.......... L
I~~7 Z-4-:- I I

.-- --- --. - -.- -" - - -- -I - - ----

... ..

I I T

j I; j

I-..
-- :

. . . .. . . .

.~ . .- .. . ..... .



r I0 0 ' t

1~ ~ 7 7--.... --7-

... ... -t-i I.
- 4. l

..... -- -

-60- --.1. H---- __

-H _ .. ..-I
- - i - -- -- - .. .. - - -- - -__ _ _ _ _

....1K j .v I .. ). _ _. ....

__ 4 J _

1 11111117 z~x. L 1 j . - _

m_..,i --

j ,

.. . -.. . . ..... ,.- - --

iji ii -I.

I ,I - .-. - A -.... .-

• ' ' .. 4 ; . . . -'-- "

KVLII ~1- -8

.
56

p.. Q 
2U ~At



H4 4

4i!

_I ! , .f,,I ;I,
WN U, 1AI1T

+ 4

ii-'A 1_4

tt

,t 4 1.

.66 ....... .

I,; t ia

44- 1tI ..
+:44



SECTION IV - SUJMMARY AND CONCLUSION

This report has two essential points to make:

1. From the theoretical design, and from the review of electrical perfor-

mance in Paragraph 3.2, it can be seen that the device, as presently

constituted, cannot perform as required in the critical power

I dissipation regimen.

2. Looking at the Design Section, we find two possible alternate designs.

The 70 volt bias level design involves a minimum of process changes

and, because of its longer stripe length, provides better heat dissi-

pation. However, the laws of physics dictate that problems will be

encountered with the second breakdown failure mode. The use of this

design can be made practical, but a large amount of effort on second

breakdown prevention will be needed. The 80 volt design involves

considerable reprogramming of processes and processing sequence. The

I net result of the high bias voltage design would increasw susceptibility

to the second breakdown failure mode. It is recommended that an

1 additional look at a 25 volt - 2 ampere bias level design be undertaken.

1
1
1
1
1
I.- )49 -



SECTION V - PROGRAM FOR THE NEX INTERVAL

I The pilot line will be set up in its assigned location, new equipment;

I i.e., furnaces, lead bonders and hydraulic press installed and required

operations begun to 'de-bug' the line.

The 70 volt devices will be fabricated and subjected to thorough tests.

The 25 volt design will be converted into physical form, i.e., engineering

drawings and photo resist artwork, photo resist masks prepared and

Jdevice construction commenced.

IThe modification of the copper-ceramic package will be completed.

!
Diffusion research will be continued, particularly in the field of

J oxidations.

5
I
I
!
I
I
I
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SSECTION VI - PUBLICATIONS, REPORTS AND CONFERENCES

I There were no publications or conferences applicable to the contract

Iduring this quarter.

The Monthly Reports were:

The tenth Monthly Letter Report - submitted 9 May 1963

I he eleventh Monthly Letter Report - submitted 14 June 1963

I The telfth Monthly Letter Report - submitted 12 July 1963

I
I

I

I

I



I SECTION VII - IDENTIFICATION OF PERSONNEL AND EXPENDITURES

The following professionals have expended effort on the contract during

the periods of interest; however, their biographies have not appeared

heretofore.

Joan M. Crishal

Miss Crishal attended the University of Michigan where she received the

B.S. degree in Chemical Engineering in 1948 and the M.S. degree in

Chemistry in 1950.

From 1950-52 she was employed by the Public Health Service as a spectro-

grapher. For the next two years she was in the U.S. Navy as a Lieutenant

I Junior Grade in conmunications. Miss Crishal Joined PSI in September 1954.

Her initial assignments were in the areas of semiconductor crystal growth,

etching, evaporating, plating, and lifetime measurement. She also engaged

I in studies of surface treatments for control of device characteristics.

This wvork led to her development of new diffusion processes for the planar

1structure. Miss Crishal is now actively at vork on diffusion process

control and leakage problems of large area transistors.1
1William C. Newell

Mr. Newell received a B.S. degree in Engineering Physics from the

1tkfiversity of ashington, a M.S. in Physics from U.C.L.A.

1He has had two years experience in the semiconductor field prior to Joining

SPacific Seiconductors, Inc.

1 -52 -



While at Solid State Radiations, his primary effort was in the evaluation

of developmental detector devices. His later efforts were directed toward

a research program conducted for the purpose of determining neutron and

gama radiation damage effects on silicon drtectors.

Mr. Newell joined Pacific Semiconductors in June 1962 and has since been

working on the developanent of production processes for the manufacture

of high power transistors.

Kenneth 0. Tillung

Mr. Tillung received the B.S. degree in Aeronautical Engineering from

the University of Chicago in 1952.

He served in the U.S. Navy for two years as a Communications and Elect-

ronics Officer aboard a destroyer. From late 1954 to mid 1956 Mr. Tillung

was employed by Gardner Machine Company as a Design Engineer specializing

on heavy grinding equipment. From August of 1956 to November of 1958 he

was a project engineer at the Warner Electric Brake and Clutch Company.

Mr. Tillung Joined Pacific Semiconductors, Inc., in November of 1958 and

was originally concerned with the design and development of automatic

multi-stage equipment for semiconductor device manufacturing. He pro-

gressed to projects involving process and packaging development and has

specialized in high-power and high-frequency transistor development for

the last two years.

Mr. Tillung is a member of the American Society of Mechanical Egineers.

- 53 -



Man Hour lAbor Expenditures

IEffort expended by nrofessional employees:

Name Hours

I Chao, P. Y. 16

Crishal, J. M. 12

Iamoureux, R.T. 392

Neville, R. C. 206

Newell, W.C. 40

I Podell, J.F. 3414

Preletz, M. 0. 130

Tillung, K. 0. 72

J Trel.-ven, D. H. 120

1,332

!
Teccmiml: 3,239

I TOTAL: 4,571

1
1
1
1
1
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~DRAWtINGS

, SIGNAL CORPS

SC-A-4660 Preproduction Sample Approval in

~Lieu of Requirements in Specifications.

(Copies of specifications, standards, drawings, and publications re-
I quired by contractors in connection with specific procurement functions

should be obtained from the procuring agency or as directed by the con-
tracting officer. Both the title and number or symbol should be stipu-

lated when requesting copies.)

3. UIRMM

3.1 P.- Requirements for the transistors shall be in
accordance with Specflication MIL-S-19500 and as specified herein.

3.2 Abbreviations and sols.- The abbreviations and symbols usedI herein are defined in Specification MIL-S-19500 and as follow:

i P . . .. . power input

Po . . . . . . . . . . .power output

I .s .. ...... sustaining voltage (collector-to-emitter)bum short-Rhulted

3.3 Des and construction.- The design and construction of the
trwnsistors G naccordane with applicable requirements of Specifi-
cation )IL-S-19500.

3.3.1 Transistor case.- The transistor case shall incorporate a stud
with a mounting nut and lock washer, physically located at the end of the
cae opposite the leads, to enable ready mounting of the transistor and
dissipating the required pover. The transistor case shall be electrically
Insulated from the collectc, emitter, and base.

3.3. 2  p - The transistors shall be capable ofI proper operatio in =W position.

3.3.3 11nlshi of mxtetal tallic surfaces.- The finshing of
I e~xtewa a ilic surfaces shall be in accordance with requirements in

tecS Aoatie MIL-F-14072 for surface classificatin Type II, except that
the mmsLr ts Ia ffelf t:Lan MIL-F-1i472, Section 3, Requireints,

ee s~ iistze resistance and finish resistance, and Secti ),

1 M q Assurance ?wvlsifms therein, shall not be applicable. If due to

I~ w f

I
I
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j special conditions of service or designs a contractor desires to use
I finishes, materials, or processes other than those specified, such pro-

posal including the reasons therefore shall be submitted to the 0ontracting
Officer for approval. At the discretion of the Contracting Officer,
a~1es and test data mnay be required to substantiate the suitability of
the proposed substitute(s).

3.14 Performance-characteristics. - The transistor performance
characteristics shill be as specified in Tables I and 11 herein. (See

I3.5 Makn. The transistors shall be marked In accordance with
SpecificatIon t-S-95O0 and as follow. In Iinstances ihere the dims-
utive size or lack of suitable surface area on the device would preventI a marking accomplishmnent readable by the unaided eye, 20/20 vision, at
el~t inches distance from the device, such marking my be aitted direct-
3.y an the device. All required marking shall be placed on the unit

I - .sW
3.5.1 Tn-des tilon markn. - The transistors shall be maked

with the letter i"SW-and the -~231 designation of the device. The "12N"'I desimtion of the device shall be "(x-6)" until an Identification um-
ber coinforming to the type designation requirements of Bpecifiation
Mn.-B-l9500 has been established.

1. QUALMT ASSURANCE PROVISIONS

i.1 General. - Exccept as otherwise specified herein, the responsi-T bilityr for etion, general procedures for acceptance, classification
of nspctins ndInspection conditions and methods of test shall be I

-, aecordanee with Specification 341L-8-19500, Quality Assurance Provisions.

4.2 r - The Preproduction Smle approval
requiment In Si1gnal Corps Drawing SC-A-'i6600 hereby replace ay~ Qali-

fication requirements referable to the product covered herein.

oftbria allbe in accordance with 4.3.1 end li.3.2s respectivelys herein
for Life tests, sann and acceptance criteria shall be In accordance
With __e- irsnts for Method B in Specification 141L-8-19500# Appendix C.
fte respective I='P (Lot Tolerance Percent Defective) end Max. Ace. No
(Hoium Aooeptne Number) requirements In Tables I and U herein shall
pvetm relative to the details In 4.3.1 and 4.3.2 herein.

- 4.3.1 Amas ie - The sa~le size shall be selected by the am=-
faetua'e uimST1*7lI herein. 7he swele size so chosen shall be with-

* In the as. Ace. 11o. limit associated with the LTPD specified In Tables I
and 1I berein.
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I 1.3.2 smple acceFtnce criteria.- For the smple size tested, the
Acceptance Mnber in ablrel shall not be exceeded. (Rejection
number "r" = "(a)" + 1.)

4.4.4 Tightened inspection.- Tightened inspection on resubmitted
lots Is obtiiiew by testing to an LTPD equal to or less than one-half of
the specified InitialTWD.

4.4 Bcifled LTPD and Mex. Ace. No.- The LTPD ad N. Ace. NO.
specifi ed fr a subgroup in T1as 1 a 11 herein shall apply for 11
of the teats, combined, In the subgroup.

4.5 Destructive tests.- The Group B, Subgroups 2, 3, 4, 5, 6, end
7 tests are considered destructive. Howeer, the tests of subgroups 2,
3, 4;, 5, 6, eA 7 can be considered non-destructive if suffictint evi-
Aenec a presmnted to the Ooverment inspection authority to that effect.

i Aco .Able evidence, for exaple, would be repeatIM of all subgroupe 2,
3s 4o 50 6, and 7 tests, ton times, without si gnflcat device degpra -
tMon. This test repetition procedure need be done =y once at Incep-
tio of Acceptance Lnpection, provided that no cheanp In de*sn, or of

dcIon techniques., has been effecte ..

4,6 Do I e units.- Sele units that have been sub-
jefteto d D&O e886 Grup .bgroups 2,,39 4.5, 6and Ttests
not deteIned to be destructive tests wey be delivered on the contract
se units are subjected to and pass Group A inspection. Defective
=nIts frmy =Wnla group that n have passed group Inspection shall
not be delivered on the contract or order until the defect(s) bbs been
rind~ed to the satisfaction of the Govermnt.

4.7 Particular examination and test procedurea..-

4.7.1 5 st~nin VoLtaW Test. - The sustaining voltage of the
colletor % Ah e" to th Itter shall be measured under the con-
dLtioms specified, with the base short-circuited to the emitter.

4.7.2 Oscillator Power Output Test.- The specified voltape and
current shal be i to the Mijifive terinals under the aedi-
tions specified and the pover autput of the oscillator shall be measured
at the freuey specified.

14-.7.3 B ta"c test.- The specified voltaie and
GUgnt NUb DO SWUI ZeUS rR~i~We~ terminals, with the trensis-
tar In the e=on-mitter configuration. An &-c smll slg=al of the

hi* frequency specified shall be applied to the input terminals, and
the output terminals shall be short-circuited. The rMal part of the
abwat-eiruit input impedance shall be measured and assumed equal to
the base spreading resistance.

4.7.4 Tension test.- The specified force shall be applied to each

I
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lead In the direction of the axis of the lead.' The force hall not be
* aolied to more than one lead at a tims, and all leads shal Ie tested.

I.7.5 ToqPue Test.- The specified torque os'al be applied to the
stud and about its azis. The stud shall not have becm* loosened nor

rthe threads damaged, as a result of this test.

.7.6 R m nttest - The transistor shall be mounted byI he no l . specified force sba ll be aplied, vithout
sok, at rIght angles to the lead and near the end of the lead.

I
I

I
I

I
I
I
1
1
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5. PREPARATION FOR DELIVERY
5.1 Preparation for delivery. - Preparation for delivery shall be in

accordance with Specification MIL-8-19500.

6. NOTES

6.1 Notes. - The notes included in Specification MIL-S-19500, except for
those covering qualification (see 4.2 herein) and the following, are
applicable to this document.

6.2 OrcN data. - If this document is used vith the "C" or later
Issue of Specification MIL-S-19500 containing LTPD-method Acceptance
Inspection requirements, the solicitation ahould indicate that the Accep.
tance Inspection LTPD-methods requirements in paragraphs 4.3 thrmwgh
4.3.3 herein shall be considered superseded by the pertinent requirements
in the "C" or later issue of Specification MIL-S-19500.

6.3 Establsbment of Additional Tests and Parautters.- he resolution
of any E=Utiol tests end pameters that val serve for optiwa per-
formaee evaluation of the device relative to the appication need is

oIt Is epecd that such determination(s) viii be b
Uxtual agreement between the contractor and the responsible Government
agency, and will be included in the final acceptance criteria, for the
device. Pertinent electrical, pl~sical, mechanical, and environmental
test overae in Specification MIL-S-195O0 should be considered as a
prImary guide in this regard.

NOTICE: 'When Governent dravings, specifications or other data are
used for any pmepose other than in comection with a definitely related
Govement procurement operation, the United States Govermuant thereby
incurs no respomsbliity nor any obligation iwhatsoever; and the fact
that the Goverment may have formulated, furnished, or in any vp supplied
the sad drawings, specifications, or other data iunnot to be regarded
by IM3eation or otherwise as In any menner licensing the holder or ay
other pwon or oorPoration, or conveying any right or permission to
wmnfature, use, or sell any patented invention that my in any way be
related thereto.
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APPENDIX B

This appendix presents the test data collected by Pacific Semiconductors,

Inc., from the 75 devices that comprised the third "state-of-the-art"

samples shipnent made under Production Engineering Contract No. DA 36-039

I SC-86733.
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